Abstract-The return stroke current along the lightning channel for striking of the lightning to tall objective case is different from ground surface case with many factors affect this phenomenon. This study considers the engineering related to return stroke current models where the general equations are expressed and different models are generated. The results obtained will be compared and discussed.
INTRODUCTION
Lightning is an important natural phenomenon that has an effect on power devices. The lightning discharge is divided into four groups [1] :
1. within the cloud 2. cloud-to-ground discharges 3. discharge from cloud to cloud 4. cloud-to-air discharges Also, the cloud to ground discharge is divided into two parts:
1-striking to the ground surface 2-striking to the tall object This study focuses on discharges of lightning on the tall objective case. This is an important case to be considered because the strike of lightning on the towers in the power networks or buildings creates the electromagnetic fields which produces an induced voltage on the power lines or human body. Most research is conducted on direct effect of lightning but not on the lightning channel. Therefore, the evaluation of return stroke current wave shape is so significant in estimation of electromagnetic fields due to lightning channel. Several models are considered on return stroke current wave shape, in this study, the engineering models are applied.
II. THE ENGINEERING RETURN STROKE CURRENT MODELS
The general equation of engineering models for the strike of lightning to the ground surface is expressed by equation (1) [2-3]. In this model, the return stroke current at different heights from the ground surface along with the lightning channel is presented with the relationship between return stroke current at the channel base and an attenuation height depend factor as shown in Figure 1 .
Where z' is temporary charge height along lightning channel, I (z' ,t) is return stroke current at height of z' along lightning channel, I (O,t) is return stroke current at channel base, P (z') is attenuation height depend factor, Vf is return stoke front velocity, v is return stroke current velocity, u is Heaviside function.
The most important engineering models based on equation (1) are listed in Table 1 where H and A are the cloud height and the constant factor, respectively (in this study, H=7500m and A =2000) [4] [5] .
Figure I. Geomethry of return stroke channel based on engineering models 
The current wave shape at channel base considered in this study is the modified of Diendorfer and Uman on Heidler model, which is expressed by equation (2). Typical initial parameters from the triggered lightning measurement are tabulated in Table 2 . 
So, the return stroke current wave shape at channel base obtained using equation (2) and Table 2 is shown by Fig.2 . The return stroke current wave shapes, with the assumption of z'=1500m for different engineering models, are illustrated in Figure 3 . On the other hand, for tall object case, return stroke current along lightning channel and tower are expressed by equations (3) and (4), respectively. Also, the return stroke current velocity is equal to v and current velocity along tower is equal to c (light speed in free space), as shown in FigA 
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x 10-s Figure 3 .Comparison between different engineering models at temporary height equal to 1500 m from ground surface
In the tall objective case, the current at the connecting point (top tower and return stroke channel) is applied from Table  1 , with the use of equations (3) and (4) to reflect the effect on currents [6] .
Figur 4. Geometry of retum stroke channel for tall tower object
Note that the current along tower does not depend on return stroke current models for which it has the same values for all engineering models. Vf is upward return stroke front velocity, P(z' -h) is height-dependent attenuation factor related to P(z') that listed at 
i o (h, t) is return stroke at channel base( connection point of tower and lightning channel).
Also, Pt , P g are estimated by using equations (5), (6).
Where

Z t is tower impedance,
Z c h is lightning channel impedance, Z g is ground impedance.
In this study, a tower with 168 m height, Pt = -0.53 and P g = 0.7 are used for the simulation [7] .
In addition, the return stroke current wave shapes for tall object case in different engineering models are calculated by using initial parameters that are tabulated in Table 2 and equations (1)- (3). All results are illustrated in Figure 5 .
.'
7f--- On the other hand, current wave shapes at the top of the tower and the bottom of the tower are illustrated in Figure 6 , obtained using equations (2) and (4) In the tall object case, the current amplitude along lightning channel is increased compared to the similar situation and condition of ground-striking case. It is due to the reflection factor effects as shown in Figures 3 and 5 (where in the tall object case, the distance between the top tower and z' is assumed to be 1500m). Also, the current wave shape at the connecting point (between top tower and return stroke channel) is varied compared with the original wave shape that illustrated in Figure2. This is because of the reflection factor and the height of the tower, which are more affective on current values at this point. Therefore, by considering the current behavior along lightning channel and the tower, one can say that the electromagnetic fields for tall object case is more dangerous than ground-striking case due to the current amplitude, which is increased by the reflection factors.
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III. CONCLUSION
The evaluation of current wave shape along lightning channel and tower for striking of lightning to tall object case has been presented in this paper. It is indeed an interesting subject because of the current amplitude in tall object case is higher if compared with the similar situation and condition in the ground-striking case. Therefore, the resulting electromagnetic fields and induced overvoltage due to that case should always be considered in designing of power lines and power system protection such as the selection of proper line arrester or Surge Protector Device (SPD).
[1]
[2]
[3]
[4]
[5]
[6]
[7]
